We study the local dynamics of holomorphic maps f in C n tangent to the identity at a fixed point p with a non-degenerate characteristic direction [v]. In [M. Hakim, Analytic transformation of (C p , 0) tangent to the identity, Duke Math. J. 92 (1998) 403-428], n − 1 invariants α j , 1 ≤ j ≤ n − 1, called the directors, were associated to [v] and it was shown that if Re α j > 0 for all j then f has an attracting domain at p tangent to [v]. In this paper, we study the case Re α j = 0 for some j. With the help of a new invariant µ called the non-dicritical order, we show that f has an attracting domain at p tangent to [v] if µ ≥ 1. We also study the "spiral domains" when µ = 0. For n = 2, we show that f has an attracting domain at p tangent to [v] if and only if either the director α > 0 or µ ≥ 1.
Introduction
Let f be a holomorphic map in C n tangent to the identity at a fixed point p, i.e. f (p) = p and df p = Id. The local dynamics of such maps has been studied by many authors (see [2, 5] for an overview of this field). To state our main theorems and related known results, we first recall some basic definitions.
In local coordinates z = (z 1 , . . . , z n ) centered at p, write f = (f 1 , . . . , f n ), with f j (z) = z j + g j (z), 1 ≤ j ≤ n. Let g j = P 2,j + P 3,j + · · ·, with degP i,j = i or P i,j ≡ 0, be the homogeneous expansion of g j , 1 ≤ j ≤ n. The order of f at p is ν(f ) = min{ν(g 1 ), . . . , ν(g n )}, where ν(g j ) is the least i ≥ 2 such that P i,j is not identically zero. We always assume that ν(f ) < ∞. A characteristic direction for f at p is a vector [v] ∈ P n−1 such that P ν(f ) (v) = λv for some λ ∈ C, where P ν(f ) = (P ν(f ),1 , . . . , P ν(f ),n ). It is called non-degenerate if λ = 0, otherwise degenerate. We say that f is dicritical at p if P ν(f ) = h · (z 1 , . . . , z n ) for some function h.
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A parabolic curve for f at p is the image of an injective analytic disc ϕ :
where ∆ is the unit disc in C, such that ϕ is continuous up to the boundary of 
where r + 1 is the order of f , p r+1 (x, t) and q r+1 (x, t) are homogeneous of degree r + 1 and [p r+1 (1, 0) :
Under the blow-up t = xw, the blow-up mapf is given by     
where A is an (n − 1) × (n − 1) matrix. 
In [7] , Hakim also showed the existence of parabolic manifolds of lower dimension when Re (α j ) < 0 for some j (cf. [7, Theorem 1.6] ). In this paper, we study the existence of an attracting domain tangent to [v] at p for f when Re (α j ) = 0 for some i. In Sec. 2, we will introduce a new invariant µ, called the non-dicritical order. Our main result is the following 
with a = 0 and Re (α j ) = 0 for all j. Then there exists a spiral domain at p.
Note that under these hypotheses, [1 : 0] is a non-degenerate characteristic direction at the origin with directors {α j } n−1 j=1 and f is non-dicritical of order zero at p.
In C 2 , we can say a bit more than Theorem 1.3. In Sec. 2, we prove Theorem 1.3. We study the spiral domains in Sec. 3. The dimension two case is treated in Sec. 4.
The Non-Dicritical Order and Attracting Domains
Assume that Re (α j ) > 0 for j = 1, . . . , m, with m possibly being 0, and 
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Rewrite v 1 in (2.1) as
order µ is defined as
Note that µ is defined only if γ k = 0 for some k and µ ∈ {0, . . . , r + 1}.
Lemma 2.1. The non-dicritical order is well-defined.
Proof. An invertible transformation which preserves the characteristic direction [1 : 0 : 0] and the eigenvector spaces of A = diag(B, C) takes the form
where D and E are invertible matrices. We need to show that the non-dicritical order is preserved under transformations as in (2.4). Let U = Y/X, V = Z/X and W = (U, V ). An easy computation shows that
Comparing (2.5) with (2.2), one easily sees that the minimal |k| withγ k = 0 in (2.5) is the same as the minimal |k| with γ k = 0 in (2.2), i.e. the non-dicritical order is preserved.
From now on, we assume that µ ≥ 1. In particular, this implies that C ≡ 0 and
By a suitable choice of D in (2.4), we can assume that B is in a Jordan form, almost diagonal, that is the elements above the diagonal are equal to zero or to , with small compared to α.
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The Non-Dicritical Order and Attracting Domains 
By suitable choices of E in (2.4) and b, we can make the form of v 1 into
The effect of (2.4) For 0 < δ small enough, set
For ρ > 0 small enough, set
Let c > 1 be close enough to 1. Denote by D the connected component of
which intersects the positive real axis in the x-plane and v j -plane. We want to show that D is invariant and (
For (x, u, v) ∈ D, from (2.1) and (2.6), we have
Thus for any |K| = µ + 1 and
Therefore, we have
Thus from (2.6), we get
and then by (2.7), we have
From (2.1) and (2.11), we have
Then it is easy to see that |X| < 1 and arg X is of different sign as δ(x) with
Similarly,
(2.14)
From (2.10) and (2.11), it is also easy to get
From (2.10), (2.12)-(2.15), we see that D is invariant.
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The Non-Dicritical Order and Attracting Domains From (2.9) and (2.11), we have
From (2.16), we get the estimate
From (2.10) and (2.18), we get the estimate
From (2.17) and (2.18), we get the estimate
This completes the proof of Theorem 1.3.
The Spiral Domains
In this section, we study the spiral domains as given in Theorem 1.4. Denote by D the connected component of
which intersects the positive real axis in the x-plane, where V ,δ is as in (2.8). We first show that f (D) ⊂ D. Set α j = iβ j and choose δ with δ /|β j |. Then it is easy to see that
By scaling, set a = −1/r in (1.3). For (x, t) ∈ D, from (1.3) and (3.1), we have
and Thus t l goes to zero along a spiral. This proves Theorem 1.4.
Dimension Two
Let f be as in Theorem 1.5. By Theorem 1.1, there exists a parabolic curve tangent to the non-degenerate characteristic direction [v] . In suitable local coordinates
